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Signal Transduction of MUC5AC Expression in Airway
Mucus Hypersecretory Disease

Jae Jeong Shim, M.D.

Division of Pulmonology, Coilege of Medicine, Korea University

Background : Mucin synthesis in airways has been reported to be regulated by the epidermal growth
factor receptor (EGFR) system. Epidermal growth factor receptor transactivation was identified as a critical
element in G-protein-coupled receptors (GPCRs)-induced mitogenic signaling. EGF receptor transactivation
by G-protein—coupled receptors requires metalloproteinase cleavage of proHB-EGF. This study was
hypothesized that lipopolysaccharide (LPS)-induced mucin production associates with epidermal growth
factor receptor transactivation, and MUC5AC production associates with epidermal growth factor receptor
transactivation by G-protein-coupled receptors that regulates by metalloproteinase.

Method : MUCSAC mucin production was examined in NCI-H292 cells and MUCSAC protein synthesis
was assessed using ELISA. For the evaluation of mechanism of LPS-induced MUC5AC production,
TNFa was measured using ELISA with or without pretreatment of heterotrimeric G-protein inhibitor,
mastoparan. MUCBAC protein was measure with pretreatment of polyclonal TNF e antibody or
mastoparan on LPS-induced MUCSAC production. For the evaluation of relation of G-protein and
MUCSAC  production, G-protein stimulant, mastopara-7, or matrix metalloproteinase, ADAMI0, was
added to NCI-H292 cells. MUCSAC protein was measure with pretreatment of polyclonal EGF antibody
on mastoparan-7-induced MUC5AC production.

Results : LPS alone did not increase significantly MUCSAC production. LPS with TGF ¢ induced
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dose-dependently MUCSAC production in NCI-H292 cells. LPS increased dose-dependently TNF a
secretion, which was inhibited by mastoparan. LPS with TGF e -induced MUCHAC production was
inhibited by neutralizing polyclonal TNF @ antibody, mastoparan or AG 1472. Mastoparan-7 or ADAMIO
increased dose-dependently MUCSAC production, which was inhibited by polyclonal neutralizing EGF

antibody.

Conclusion : In LPS-induced MUCSAC synthesis, LPS causes TNF @ secretion, which induces EGFR
expression. EGFR tyrosine kinase phosphorylation result in MUCSAC production. EGF-R transactivation

by G-protein-coupled receptors requires matrix metalloproteinase cleavage of proHB-EGF. (Tuberculosis

and Respiratory Diseases 2003, 55:21-30)
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A Eg #gdel NCI-H2RHMEE 10% FBS,
100U/ml1e] #YUA-7} 100 pg/mle] AEEvjo|al
% 26mM HEPES7H 3¢ RPMI 16409] uj %<
O.2 37CoA 5%0]1tsheth water-jacketd] ME
W72 wj sttt NCI-H292 Al 27} oF 95%0]
49 confluencyg Hebd o) A¥E AYsida,
ADAM 109] A#oAM+ NCI-H2R24EE 10%
FBS7F ®3=% g1, 100U0/mie] syAda3 100
pg/mle 2EfEnto]d 9 25mM HEPES7} ¥3
© RPMI 16409] v oz Hgsldc}

2. LPSO| gt H M40M EGFRS HEtY

LPS(Sigma, St. Louis, MO, USA)E 05, 1 £+
pg/mle] FEE 24X wigstel NCI-H22M £2

PE MUCSACY AR5 sttt LPSH
oJg MUCBACY] AN 23 dAds #2137
Aty A4F Nz AE JAAES Ay
EGFR tyrosine kinase®] A& JAA4¢1 AG 1478
(10 #M; Calbiochem, San Diego, CA, USA), &
3} polyclonal TNF-e ##|(anti-human TNF- o
neutralizing antibody; R & D systems, Minne-
apolis, MN, USA), heterotrimeric G-protein 4 #|
¢ mastoparan(Quality Control Biochemicals,
Hopkinton, MA, USA)S Z+7} A}-&-3tgt)

3. AY MMM EGFRZ} G-protein® SIEH

el AdoAM G-protein#e] AAAE FHlsl]
#te] thddt Fx9 G-protein A=A Masto-
paran-7 (Calbiochem; San Diego, CA, USA)S 2
A=53te] MUCSACY] A4S syl =38
G-protein®] metalloproteinase® #4485t} HB-
EGFE fr#lsld EGFRS transactivationds &
7] st Ut X9 matrix metallopro-
teinase?! ADAMI0 (R & D systems, Minne-
apolis, MN, USA)& #AAX& ¥ F38 polyclonal
EGF #Al(anti-human TGF- o rabbit polyclonal
antibody(Santa Cruz Biotechnology, Santa Cruz,
CA)E AH8-3t4tt.

4. NCI-H292 MIZEOIM MUCS5ACS| gherdin)
TNF-a O CHBF HYEY

NCI-H292 HEE 4AZ wjge ¥ wjdods
lysis buffer(1% Triniton X-100, 1% deoxycholic
acid, 50 mM NaF, ImM sodium orthovandate,
proeinase inhibitor in PBS)E o]83% Azuje]
MUC5ACe] gt doulg ELISAYez =A43}
A’ TNF-e¥  #AHGenzyme: Cambridge,
MA, USA)9IA #AJ3F ELISAY o2 2A3%t)
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Fig. 1. Lipopolysaccharide with TGF- e (20ng/mé)
induced MUCSAC production dose-depen -
dently in NCI-H292 celis.
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Fig. 2. Dose-dependent inhibition of LPS-induced
TNF-a secretion by heterotirmeric G-pro -
tein inhibitor, mastoparan
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A711, TNF-a7} EGFRe 334 f%3l9
MUCBAC7} #Hl= & o AbaEn.
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Fig. 3. Inhibition of LPS with TGF-a-induced
MUCBAC production by neutralizing poly -
clonal TNF-@a antibody, heterotirmeric G-
protein inhibitor{mastoparan), and selective
EGFR tyrosine kinase inhibitor(AG 1472).
%*; p<0.05 comapared with group of LPS
with TGF- e -induced MUCS5AC production,
&, p<0.05 compared with group of inhibi-
tion of LPS with TGF-«-induced
MUCSAC by neutralizing polyclonal TNF-a
antibody.
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Fig. 4. Dose-dependent effect of mastoparan 7-
induced MUCS5AC production and dose-
dependent inhibition of mastoparan-7-in-
duced MUCS5AC production by polyclonal
neutralizing EGF antibody. *; p<0.05 com-
pared with control group, 4 p<0.05 com-
pared with group of mastoparan-7(30 y
M)-induced MUCSAC production.
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Fig. 5. Dose-dependent effect of ADAM 10-indu-
ced MUCSAC production.
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Fig. 6. Hypothetical mechanism for mucus hypersecretion in airway epithelium in experimental or
clinical study. Stimulants(LPS, smoke, IL-13, etc) induces the production of a chemoattractant
(IL-8) in the airway epithelium, which results in neutrophils recruitment into airways.
Neutrophil proteases(elastase, matrix metalloproteinase) move to the surface of activated
neutrophils and become available for migration of neutrophils to epithelium. Recruited
neutrophils release TNF- o, which induces EGFR expression in nongranulated secretory cells.
Expressed EGFR can be activated with ligand or oxidative stress, resulting in goblet cell

hyperplasia and mucus hypersecretion.
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Fig. 7. In MUCSAC synthesis, EGF-R transacti -
vation by G-protein-coupled receptors requ -
ires metalloproteinase cleavage of proHB-
EGF.
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